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ABSTRACT 
There have been numerous reports of ash (Fraxinus) decline in the Eastern and 
Midwestern United States. One known factor that has contributed to the decline of ash is a 
disease called ash yellows (Ashy) that is caused by a phytoplasma, a wall-less bacterium. 
Ashy is perceived as one of the main causes of ash decline making it a threat to ash in the 
United States. Recent surveys conducted in Iowa communities indicated that Ashy was 
infecting a high percentage of the urban green ash screened using the DAPI (4' ,6-diamidino-
2-pheylindole2HC1) staining method. However, testing methods have been developed that 
are more specific than DAPI. This study focused on the population of Ashy and the effects 
that it is having on the overall health of Iowa community ash trees using polymerase chain 
reaction (PCR) to detect the ashy phytoplasma. The objective was to determine the cause for 
ash decline and associated insect vectors. This study showed that there was a low occurrence 
(4%) of Ashy in the surveyed community ash trees. On the other hand, the survey found 
numerous declining ash trees with similar symptoms that did not contain the Ashy 
phytoplasma. Greenhouse inoculations were conducted to help determine if there might be 
another pathogen causing the decline. The greenhouse research showed that ash seedlings 
that were inoculated from field sources exhibited the same stunted growth that was observed 
in the survey. Although a causal agent was not found, the greenhouse research suggests that 
there may be a new pathogen-caused decline in Iowa's community trees. As part of the Ashy 
study, insects were collected from twenty-four.green ash trees in two communities in Iowa. 
The insects were screened for the presence of the Ashy phytoplasma using PCR. Several 
leafhoppers (Homoptera: Cicadellidae) and spittle bugs (Homoptera: Cercopidae) that were 
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collected have previously been reported to carry the Ashy phytoplasma, but the phytoplasma 
was not detected in the insects collected in this study. These findings suggest that Ashy may 
not be the main cause for the decline in Iowa's ash trees. However, the potential insect 
vectors were found feeding on green ash in Iowa. 
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CHAPTERl 
GENERAL INTRODUCTION 
Trees are an important component of the landscape and have been preserved or planted 
around places where people live and work, creating an urban forest. The United States has 
approximately 70 million acres of municipal land, as well as countless acres of urban and 
exurban dwelling areas in urban forests (Schoeneman and Ries, 1994). Urban trees often are 
found in parks, yards, and along streets. In some cases, these trees may be uniform in age 
and species, creating a monoculture. Any monoculture, although pleasing to the eye, invites 
potential problems with insects and pathogens. An example of this problem was evident 
when the causal agents of Dutch elm disease were introduced into the United States in 1930 
(Sinclair and Campana, 1978). Even after the severe impacts of Dutch elm disease, there are 
still urban areas that have monocultures of other tree species. Such monocultures can be at 
risk from insect and pathogen invasion. 
Importance of Ash 
The genus Fraxinus belongs to the Oleaceae family and contains 65 described species. 
Four Fraxinus species are native to Iowa: green ash (Fraxinus pennsylvanica Marsh.), white 
ash (Fraxinus americana L.), blue ash (Fraxinus quadrangulata Michx.), and black ash 
(Fraxinus nigra Marsh.) (Luley et al., 1992). Both white and green ash have an extensive 
range over the North American continent (Fig.I and Fig 2.). Green ash is one of the most 
commonly planted trees in the U.S., constituting 20 to 40% of the urban trees nationwide 
(Gleason et al., 1997). 
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Figure 1. The native range of Fraxinus pennsylvatica (Marsh.). Reprinted from USDA 
Handbook 654. 
Figure 2. The native range of Fraxinus americana (L.). Reprinted from USDA Handbook 
654. 
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An analysis of tree population data from 20 randomly selected Iowa communities conducted 
in 1996 showed that green ash may be the most abundant tree in Iowa's urban forests, 
constituting an estimated 16% of urban trees (Iowa DNR, 1997). 
General Decline 
Over the past two decades, there have been numerous reports of ash decline. Salt, higher 
root zone temperatures, pollution, confined root zones, yard chemicals, and "mower blight" 
are just a few of the environmental stresses that may be contributing to the general decline of 
ash. Other factors in ash decline c;an include the following: drought, flooding, poor soil 
quality, and parasitism by pathogens and insects. There are several pathogens that may 
contribute to ash decline but Ashy, a phytoplasma-induced disease, has been reported to 
cause decline in the Midwest (Gleason et al., 1997; Luley et al., 1992). The goal of the 
research reported in this thesis was to investigate the biotic pathogenic agents and their 
possible vectors that may be causing ash decline in Iowa. 
Thesis Organization 
This thesis is presented in the manuscript format that is outlined in the Iowa State 
University Thesis Manual (Revised ed., 1987). The thesis consists of a general introduction, 
a literature review, and the individual manuscripts that have been prepared for journal 
submission. The individual manuscripts are followed by an overall summary and discussion. 
The first manuscript details the occurrence of ash yellows in a survey, along with the 
associated symptoms from the trees infected with the ash yellows phytoplasma. The second 
manuscript discusses the greenhouse inoculations that were used to determine if a new 
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pathogen, other than the ash yellows phytoplasma, may be causing some of the decline found 
in the surveyed trees. The third manuscript discusses an assay of insects that may vector 
phytoplasmas collected from ash trees in Iowa, particularly screening for the ash yellows 
phytoplasma. 
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Ash Yellows 
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CHAPTER2 
LITERATURE REVIEW 
Ash yellows (Ashy) is a tree disease induced by a phloem-limited phytoplasma, also 
called a mycoplasma-like organism, that causes slow growth and advanced decline in 
Fraxinus species (Sinclair et al., 1994). Ashy was first identified in the 1980's, but there 
have been indications from older publications that ash yellows may have occurred in the 
northeastern United States in the 1930's (Sinclair and Griffiths, 1994; Hibben and Silverborg, 
1978; Silverborg and Brandt, 1957). Ash trees of all sizes and ages can be affected by this 
pathogen, and it has been documented in 12 indigenous and exotic Fraxinus species 
(Matteoni and Sinclair, 1985; Sinclair et al., 1994). In addition to ash, the Ashy phytoplasma 
has been reported in many species of lilacs, causing lilac witches' -brooms (Sinclair and 
Davis, 1996). 
A tree infected with the Ashy phytoplasma may express symptoms that vary among 
species. Short internodes and clustered foliage, caused by reduced shoot growth, are 
symptoms commonly associated with the Ashy phytoplasma (Pokorny and Sinclair, 1994). 
Lateral branches typically have several slow-growing twigs near the branch end, without a 
clearly defined terminal branch (Matteoni and Sinclair, 1985). In addition to the slow growth 
and clustered foliage, branch dieback has been associated with the Ashy phytoplasma. 
However, growth loss, lack of apical dominance, and dieback are commonly reported with 
general decline symptoms and are not positive indicators for Ashy. Witches' -brooms are 
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another commonly reported symptom of Ashy. Witches' -brooms are clusters of single-leafed 
upright twigs that appear on the root collar or the main stem (Pokorny and Sinclair, 1994). 
The leaves of the crown and witches' -brooms are commonly chlorotic, hence the name ash 
yellows. The presence of witches' -brooms, along with other decline symptoms, have 
characteristically been used to diagnose Ashy in the field. 
Phytoplasmas 
Phytoplasmas are unculturable prokaryotes that lack cell walls and are among the 
smallest single-celled organisms known (Sinclair et al., 1994). These microorganisms vary 
in shape and size from 100 to 1000 nm in diameter (Agrios, 1975). Phytoplasmas are similar 
to the class Mollicutes and are named for their resemblance to a genus called Mycoplasma 
(Sinclair et al., 1994). Ashy is a phloem-infecting parasite that can multiply by any of the 
three following ways: a) binary fission, where the phytoplasma constricts in the center and 
divides; b) budding, where protrusions on the surface of the body are pinched off; and c) 
regular or irregular intervals of constrictions along the body's filamentous forms (Agrios, 
1975). The cells cannot move actively within the phloem, but are transported by the flow of 
systemic fluids. By this method, the organisms are spread from sieve tube to sieve tube 
through sieve plates. 
Other Pathogenic Prokaryotes 
There are numerous other prokaryotes that have been reported as plant pathogens. 
Acidovorax, Burkholderia, Erwinia, Herbaspirillum, Liberbactor, Pseudomonas, Ralstonia, 
Xanthomonas, and Xylella have been shown to be plant pathogens (Ferreira et al., 1999; 
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Hocquellet et al., 1999; Hu and Young, 1998;). Some recent studies have shown that there 
are other prokaryotic pathogens found in the sieve tubes of plants (Ali et al., 1991; Davis et 
al., 1996; Jagoueix et al., 1994). This has increased the need for more accurate diagnostic 
tools. 
Insect Vectors 
Phytoplasmas are transmitted to a plant host by insect species (Nault and Rodriguez, 
1985). Leafhoppers vector many viruses and other phytoplasmas in the plant community and 
have been thought to be a primary vector of Ashy (Maramorosch and Harris, 1979). Other 
insects that have been confirmed to vector phytoplasmas include planthoppers, psyllids, and 
stinkbugs (Doi and Asuyama, 1981; Nault and Rodriguez, 1985; Tsai, 1979). The 
phytoplasma is ingested when insects feed on infected plant tissue. The microorganisms 
increase in number in the insect's salivary glands and foregut. Eventually, the number of 
phytoplasma cells increases in the salivary gland to a level that allows some of the 
microorganisms to be released into the plant when the insect subsequently feeds (Sinclair et 
al., 1994). 
Other Important Insects 
Other pests, such as borers, play an important role in ash health. Trees that are stressed 
by pathogens or other opportunistic pests causing decline symptoms are at high risk for borer 
attacks. Borers can attack and kill a stressed tree. In Iowa, a high occurrence of the ash 
borer (Podosesia syringae Harris) has been documented (Santamour and Steiner, 1986). 
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Detection Methods 
Although phytoplasmas are responsible for numerous plant diseases, attempts to isolate 
and culture them have failed (Tsai, 1979). Diagnosis of Ashy has primarily been based on 
the use of DAPI (4' ,6-diamidino-2-pheylindole"2HC1), a fluorescent stain that binds to DNA 
(Gleason et al., 1997; Luley et al., 1992; Sinclair et al., 1992). ). DAPI is often used to stain 
organisms in the phloem of plants to detect pathogens. DAPI forms fluorescent complexes 
with double stranded DNA that can be observed using a fluorescent microscope. Tissue 
samples are generally taken from roots 2-6 mm in diameter, although leaf midrib sections can 
be used (Cha and Tattar, 1991; Sinclair et al., 1992. This nonspecific test can be used to 
detect the presence of the phytoplasmas in the phloem, but cannot distinguish among 
different microorganisms (Coleman et al., 1978). Therefore, other testing methods should be 
used to confirm the diagnoses of Ashy. 
Immunofluorescence microscopy has also been used to detect the Ashy phytoplasma. A 
specific antibody will cling to the pathogen, allowing it to be identified using a fluorescent 
microscope. An Ashy monoclonal antibody has been developed to bind specifically to the 
ash yellows phytoplasma (Griffiths et al., 1994). Thin cross-sections (20-30 µm) of root or 
leaf-midrib tissues are fixed in acetone or a 2.5% glutaraldehyde solution and soaked in the 
monoclonal antibody. The sections are rinsed in a phosphate buffer and soaked in a 
fluoroscein isothiocyanate (FITC) conjugant, which is used to bind to the antibody. The 
FITC emits a shiny green color when irradiated with blue light. The sections are observed 
using an epifluorescent microscope at a wavelength of 495 nm. 
A third test, polymerase chain reaction (PCR), also is available for detection of the Ashy 
phytoplasma. Kari B. Mullis, who was awarded the 1993 Nobel Prize in chemistry for his 
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work, developed PCR in 1985 (Mullis et al., 1994). PCR is a process in which a specific 
DNA segment from a mixture of DNA is replicated. Genon;ric DNA is extracted from plant 
tissues and primers, DNA fragments, are used to make copies of the ribosomal gene (rDNA). 
The use of PCR to detect fastidious prokaryotes has been used increasingly to characterize 
many organisms, including the Ashy phytoplasma (Avila et al., 1998; Davis et al., 1998; 
Jagouiex et al., 1994; Sinclair et al., 1994). 
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CHAPTER3 
OCCURRENCE AND ASSOCIATED SYMPTOMS OF ASH YELLOWS IN IOWA 
A paper prepared for submission to the J oumal of Arboriculture 
Christopher J. Feeley, Janette R. Thompson, Elwood R. Hart, Thomas C. Harrington, and 
Mark L. Gleason 
Abstract 
Ash yellows (Ashy) has been reported widely across the United States as an organism 
causing decline in woodlands and urban communities. Prior surveys conducted in several 
Iowa communities indicated that Ashy was infecting a high percentage of the urban green ash 
when using the DAPI (4' ,6-diamidino-2-pheylindole"2HC1) staining method. A new survey 
conducted in nine urban communities in Iowa used polymerase chain reaction (PCR) to 
detect the Ashy phytoplasma in ash trees. The PCR findings indicate that Ashy may not be 
as widespread in Iowa as indicated previously. On the other hand, there were numerous 
declining ash trees that had symptoms very similar to those exhibited by trees infected with 
the Ashy phytoplasma, but the Ashy phytoplasma was not detected. This emphasizes the 
need for more accurate detection methods, and has shown that an accurate diagnosis cannot 
be made based either on previously identified symptoms or the DAPI test alone. 
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Introduction 
Green ash (Fraxinus pennsylvanica Marsh.) and white ash (Fraxinus americana L.) are 
widely distributed and planted throughout the midwestern United States. Over the past two 
decades, there have been reports that ash trees are declining throughout the United States 
(Castello et al., 1985; Riffle and Petterson, 1986; Woodcock et al., 1997). Ash yellows 
(Ashy), caused by the Ashy phytoplasma, has been widely detected and associated with 
declining ash trees in the northeastern, midwestern, and western United States (Gleason et 
al., 1997; Luley et al., 1992; Sinclair et al., 1990; Walla et al., 2000). The reported 
symptoms of Ashy have included witches' -brooms, stem dieback, loss of apical dominance, 
and reduced incremental growth (Sinclair et al., 1994a). Both white and green ash are 
susceptible to the Ashy phytoplasma, with indications that the effects may be more severe on 
white ash (Ferris et al., 1989). 
The diagnosis of Ashy has primarily relied on the DAPI (4' ,6-diamidino-2-
pheylindole"2HC1) fluorescent stain (Gleason et al., 1997; Luley et al., 1992; Sinclair and 
Griffiths, 1994). DAPI binds to DNA and is used to stain microorganisms, such as the Ashy 
phytoplasma, in the phloem tissue. The DAPI staining test can be used to indicate the 
presence of microorganisms in the phloem; however, it does not distinguish among different 
organisms (Coleman, 1978). Recent surveys conducted in the midwestern United States 
using the DAPI staining test have reported a high occurrence of the Ashy phytoplasma. In 
1990, a survey conducted in Iowa, Illinois, Missouri, and Wisconsin that showed that 49% of 
the surveyed plots contained DAPI-positive trees that were associated with ash decline 
symptoms (Luley et al., 1992). In 1997, a midwestern survey of community trees showed 
that 15 to 20% of the surveyed trees were DAPI-positive (Gleason et al., 1997). Other 
14 
reports from the upper Great Plains and Rocky Mountain regions using monoclonal 
antibodies have shown a 47-60% occurrence of Ashy in ash trees (Walla et al., 2000). 
The goal of this study was to determine the occurrence of the Ashy phytoplasma and 
associated symptoms. Polymerase chain reaction (PCR) was used for the identification of the 
Ashy phytoplasma. This technique was used to determine the incidence of Ashy, and to 
determine if there are other more specific symptoms that would allow for field diagnoses of 
the pathogen. 
Materials and Methods 
Sample Collection. 
Nine cities (Ames, Burlington, Council Bluffs, Des Moines, Dubuque, Fort Dodge, Iowa 
City, Mason City, and Sioux City) in Iowa were selected to be part of the survey. The 
sampling sites were selected without bias for species of ash, ash health conditions, or the 
presence of the Ashy phytoplasma. The sites were geographically diverse and selected as a 
representative sample of Iowa's community forests. The trees in each of the surveyed sites 
were selected arbitrarily on the basis of health and separated into two groups, healthy or 
declining, based on visible symptoms. Attempts were made to collect from 30 trees, 15 
healthy and 15 declining, at each site. Symptoms that separated the declining trees from 
healthy trees included main branch mortality, an abundance.of small twig mortality, sparse 
foliage, clustered foliage, the loss of apical dominance, basal cracks, chlorotic foliage, an 
abundance of epicormic sprouts, basal sprouts, and the presence of witches' -brooms. Other 
symptoms that were recorded included: the presence of decay, insect damage (feeding and 
boring), and any other obvious damage. The samples were collected between July 1, 1999 
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and August 31, 1999. Data collected on the estimated percent die back of the main and 
smaller stems were kept to analyze different crown conditions. Current shoot elongation also 
was measured on each tree by taking the average growth ( cm) of three different areas in the 
crown. Twig samples at least 15 cm long and 2 cm in diameter were collected from the 
crown of each tree. If a tree had decline symptoms that were not uniformly distributed 
throughout the crown, a sample from more than one part of the crown was taken for testing. 
For example, if a tree had witches' -brooms on the main stem but the crown seemed healthy, 
then a sample was taken from the crown as well as from the witches' -brooms. Samples were 
packed in ice for transport to Iowa State University and stored at 4 cc. DNA from the 
samples was extracted within 3 days of twig collection. 
DNA Extraction. 
DNA was extracted from the inner bark using a modified hot cetyltrimethylammonium 
bromide (CTAB) extraction method (Doyle and Doyle, 1990). The twig samples were 
surface sterilized in a 10% bleach solution followed by rinsing with sterile water. The outer 
bark was stripped away using a surgical scalpel to expose the living inner bark. 
Approximately 200 mg of fresh inner bark was stripped from each twig sample, frozen in 
liquid nitrogen, and pulverized in a prechilled mortar. The powdered material was placed in 
600 µl of preheated CTAB extraction buffer and incubated for20 minutes at 65 cc. Samples 
were extracted once with phenol-chloroform-isoamyl alcohol (25:24:1) and once with 
chloroform-isoamly alcohol (24: 1). The aqueous DNA layer was precipitated overnight at 
-20 cc with 0.6 volumes isopropanol. DNA pellets were washed with 4 cc 70% ethanol, 
vacuum dried, and suspended in 100 µl of sterile water. 
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Primer Selection. 
Phytoplasma-specific primers, R16mF2 and R16mR1 (Gundersen and Lee, 1993), were 
used to amplify a portion of the 16s rDNA. The samples were sequenced with the internal 
primer R16F2n (Gundersen and Lee, 1993) to determine if the amplified portion of the 16s 
rDNA was from the Ashy phytoplasma. 
DNA Amplification and Sequencing. 
A 25 µl PCR reaction containing 2.5 units of tag polymerase (Gibco BRL, Inc., 
Rockville, Maryland), buffer enzyme, 2 mM MgCh, 200 µm dNTPs, 0.5 µm of primers, and 
1 µl extracted DNA was used to amplify a fragment of the 16s rDNA. Thermal cycler (MJ 
Research, Inc., Waltham MA.) conditions consisted of 35 cycles of denaturing (95 °C for 1 
min), annealing (50 °C for 1 min 35 sec), and extension (72 °C for 3 min). A final extension 
of 72 °C for 30 min was used. The PCR products were analyzed by electrophoresis with a 
2% agarose gel in a IX Tris (89 mM Tris, 89 mM boric acid, 2 mM EDTA) buffer (pH 8.0). 
The gel was stained with ethidium bromide and rinsed. A 100-base pair (Gibco BRL) ladder 
was used to determine the PCR product size. Sequencing was performed at the Iowa State 
University DNA Sequencing and Synthesis Facility using Applied Biosystems (Foster City, 
CA) Prism BigDye terminator cycle sequencing kit with AmpliTaq DNA polymerase FS on 
an ABI Prism 377 DNA Sequencer (Perkin-Elmer, USA). 
Association of Symptoms. 
The declining trees were separated into two groups for further analysis of symptoms: 
1) trees that had main branch dieback, and 2) trees that had only small stem mortality. The 
two categories were then separated into the estimated percent crown dieback and tested by 
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Chi-square to determine if a particular symptom was associated with the Ashy trees and not 
the remaining declining ash trees. Additional t-tests were used to compare Ashy infected 
trees with the remaining trees to determine if there were statistically significant differences at 
P < 0.05. An additional analysis of variance (ANOV A) was used to determine if there were 
differences in twig elongation using the Statistical Analysis System (SAS) version 6.12 (SAS 
Institute, Cary, NC) .. 
Results 
A total of 145 declining trees and 95 healthy trees were sampled at the 9 locations. Only 
11 ( 4%) of the 240 trees sampled tested positive for the Ashy phytoplasma using PCR (Fig. 
1). T-tests indicated a statistically significant greater proportion of Ashy-infectedjas 
witches'-brooms (P < 0.02). T-test results also indicated that the remaining symptoms for 
the 11 Ashy positive trees (Table 1) did not differ statistically from the remaining declining 
ash trees (Table 2 and Table 3). The mean twig growth was significantly less (P < 0.0001) in 
declining trees than in healthy trees (Fig. 2). However, the difference in twig growth 
between the Ashy infected and non-Ashy declining trees was not statistically significant (P < 
0.05). The occurrence of Ashy was determined for the following locations: Council Bluffs, 
3%; Dubuque, 4%; Fort Dodge, 6%; Mason City, 10%; and Sioux City, 18% (Table 4). 
Ashy-positive trees were not identified in Ames, Burlington, Des Moines, and Iowa City. 
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Figure 1. PCR products from the 16s rDNA of 11 Ashy-positive trees in a 2% agarose gel 
stained with ethidium bromide. Lane 1 is a 100-base pair ladder (Gibco BRL), lane 2 is a 
water control, lanes 3-14 are the 12 Ashy-positive trees, and lanes 14 and 15 are ash yellows 
standard. 
Table. I. Symptoms of the 12 ashy-positive trees (Y = Symptom Present, N = Symptom Not Present). 
Symptoms . 1 
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Table 2. Number of surveyed trees exhibiting individual decline 
symptoms in each crown class for the 32 trees with main stem 
(crown) dieback that tested negative for Ashy. 
Main Stem Crown Dieback Category 
Symptoms <10% 10 to 30% >30% 
Sparse Foliage 15 9 11 
Clustered Foliage 9 9 5 
Loss of Branch Angle 3 2 2 
Basal Sprouts 7 4 6 
Epicormic Sprouts 3 0 2 
Witches' -brooms 1 0 0 
Chlorotic Foliage 14 9 10 
Frost Cracks 0 0 1 
Total Trees 11 10 11 
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Table 3. Number of surveyed trees exhibiting individual decline 
symptoms in each crown class for the 102 trees with small branch 
(twig) dieback that tested negative for Ashy. 
Small· Stem Crown Die back Category 
Symptoms <10% 10 to 30% >30% 
Sparse Foliage 12 25 34 
Clustered Foliage 7 14 17 
Loss of Branch Angle 0 2 8 
Basal Sprouts 4 8 10 
Epicormic Sprouts 2 1 1 
Witches' -brooms 0 0 0 
Chlorotic Foliage 18 31 36 
Frost Cracks 0 1 1 
Total Trees 20 34 48 
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Healthy Declining Ash Yellows 
Tree Health Class 
Figure 2. Mean stem elongation (cm) in current growing season for the healthy (n = 95), 
declining (n = 134), and ash yellows (n = 11) trees that were surveyed in nine communities in 
Iowa. 
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Table 4. The total number of surveyed declining and non-declining trees that tested 
negative for the Ashy phytoplasma along with the number of Ashy-positive trees in each 
category. 
Site Declining Trees # Ashy-Positive Non-declining #Ashy-Positive 
Trees 
Ames 17 0 15 0 
Burlington 13 0 8 0 
Council Bluffs 16 1 15 0 
Des Moines 14 0 11 0 
Dubuque 16 1 6 0 
Fort Dodge 19 2 14 0 
Iowa City 7 0 6 0 
Mason City 18 3 12 0 
Sioux City 14 3 8 1 
Total 134 10 95 1 
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Discussion 
Ashy may not be as widespread in Iowa as first determined. Of 240 surveyed ash trees, 
only 11 ( 4%) tested positive for the Ashy phytoplasma using PCR, and confirming the results 
by sequencing the PCR products at the Iowa State University DNA Sequencing and 
Synthesis Facility. This is a lower incidence than reported by Gleason et al. (1997) who 
found a higher occurrence (16% of trees sampled) of Ashy-positive trees in Iowa 
municipalities when using the DAPI staining method. In addition, these findings indicate 
that there is a large population of declining ash trees that do not have detectable levels of the 
Ashy phytoplasma using PCR. Many declining trees that were Ashy negative did exhibit 
some of the characteristic Ashy symptoms: crown dieback, reduced growth, lack of apical 
dominance, sparse foliage, and chlorotic foliage. 
A symptom that has commonly been used to diagnose Ashy in the field is the witches' -
brooms that have been associated with Ashy, although Sinclair et al. (1994a) has shown that 
many Ashy-positive trees did not have witches' -brooms. In our survey, we found that only 1 
of the 4 trees with witches' -brooms did not test positive for the Ashy phytoplasma, indicating 
an association between the Ashy phytoplasma and witches' -brooms. 
Other researchers have analyzed growth based on incremental diameter growth of the 
main stem and have not found an association between Ashy infected trees and loss of 
increment growth (Sinclair et al., 1994b; Walla et al., 2000). Based on observations of 
severely stunted twig growth, our growth analysis considered twig elongation rather than 
incremental diameter growth. There were significant differences in mean twig growth 
between healthy trees and the declining and Ashy positive trees in this study (Fig 2.). These 
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data suggest that there may be other factors for the growth reduction other than the presence 
of the Ashy phytoplasma. 
The PCR test indicates that Ashy may not be as widespread in Iowa communities as 
previously thought. Although, it is not yet known if DNA extractions on leaflet midribs will 
yield similar results to DAPI staining on root tissue. It is important to emphasize that the 
sample chosen may not necessarily be representative of the entire population of trees infected 
with the Ashy phytoplasma in Iowa. Overall, we found numerous declining trees that have 
comparable symptoms to trees infected with the Ashy phytoplasma: stunted growth, lack of 
apical dominance, and sparse foliage. It is possible that the decline is caused by 
environmental stresses, but the uniformity of the decline and associated symptoms may 
indicate that there is another causal agent. It is also possible that the PCR tests failed to 
detect Ashy. In conclusion, ·the data indicate that there is a need to compare DNA extraction 
techniques using different tree tissues to determine if PCR can be used successfully to 
diagnose Ashy. In the case of ash decline, basing the diagnoses on non-specific tests such as 
DAPI or on the visible symptoms may not be indicative of the true causal agent. 
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CHAPTER4 
INDICATIONS OF A NEW PATHOGEN CAUSING ASH DECLINE 
A paper prepared for submission to Plant Disease 
Christopher J. Feeley, Thomas C. Harrington, Elwood R. Hart, Janette R. Thompson, and 
Mark L. Gleason 
Abstract 
Nonspecific DAPI (4' ,6-diamidino-2-pheylindole"2HC1) staining tests are commonly 
used to detect prokaryotes in the sieve tubes of ash (Fraxinus sp.). Several Midwestern 
surveys using DAPI staining tests have shown that there is a high occurrence of ash yellows 
(Ashy) in 1992 and 1997. New findings, using polymerase chain reaction (PCR) for 
detection of the Ashy phytoplasma, have shown that Ashy may have a limited occurrence in 
Iowa. In 1999, a survey conducted in Iowa found 134 out of 145 trees that exhibited decline 
symptoms similar to Ashy that did not have detectable levels of the Ashy phytoplasma. The 
uniformity of the decline and associated symptoms indicated that there might be another 
causal agent. A greenhouse inoculation study was used to determine whether another 
pathogen could be causing the decline symptoms. Three greenhouse studies were used to 
show that inoculated white and green ash had severely stunted growth and pale green foliage. 
PCR tests were performed to show that the greenhouse-inoculated ash were not infected with 
the Ashy phytoplasma, which indicated that some other highly virulent pathogen may be 
causing the ash decline symptoms. 
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Introduction 
There have been numerous environmental stresses and plant pathogens associated with 
ash (Fraxinus sp.) decline. Ash yellows (Ashy), a vascular disease induced by a phloem-
limited phytoplasma, has been widely reported in the midwestem United States (French et 
al., 1989; Gleason et al., 1997; Luley et al., 1992; Walla et al., 1992). The diagnosis of Ashy 
routinely has been based on a protocol using the fluorescent stain DAPI (4' ,6-diamidino-2-
pheylindole·2HC1), which binds to DNA (Gleason et al., 1997; Luley et al., 1992; Sinclair et 
al., 1996). Fluorescence in the sieve tubes then indicates the presence of a microbial agent, 
which has been assumed to be the ash yellows phytoplasma. 
A 1990 survey conducted in Iowa, Illinois, Missouri, and Wisconsin found that 49% of 
the surveyed plots contained DAPI-positive trees that were not associated with ash decline 
symptoms (Luley et al., 1992). Another midwestem survey found that 15 to 20% of the 
surveyed trees with crown dieback were DAPI-positive (Gleason et al., 1997). Both surveys 
noted that many of the DAPI-positive trees did not have the witches' -brooms that usually are 
associated with the ash yellows phytoplasma, leaving some question about the identity of the 
causal agent. Some recent studies have shown that other prokaryotic pathogens can be found 
in the sieve tubes of plants (Ali et al., 1991, Davis, et al., 1996; Jagoueix et al., 1994). This 
has increased the need for more specific screening tools, such as polymerase chain reaction 
(PCR), to identify causal agents more specifically. 
In 1999, a survey conducted in Iowa reported a 4% occurrence of Ashy (Feeley et al., 
2000). Feeley et al. (2000) indicated that uniformity of symptoms in the declining ash trees 
suggested the possibility of another causal agent. The objective of this research was to 
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ascertain the existence of an undescribed causal agent, and if that causal agent could be 
transmitted from diseased to healthy trees using inoculations. 
Materials and Methods 
Greenhouse Inoculation. 
Dormant 1-0 bareroot white (Fraxinus americana L.) and green ash (Fraxinus 
pennsylvanica Marsh.) trees were supplied by the Iowa Department of Natural Resources 
State Nursery (Ames, Iowa) and planted in 3.8-liter pots. Growth medium consisted of a 
1: 1: 1 mix of peat : perlite : vermiculite with MagAmp slow-release fertilizer. The potted ash 
were fertilized once each week with Scotts® Miracle-Gro™ Excel 21-5-20 All Purpose. Trees 
were grown in an 18:6 light:dark regime under halogen lights. 
For the inoculations, 2 grams of fresh leaflet midrib material was collected from one 
declining green ash in Ames and Iowa City, Iowa (Feeley et al., 2000). The samples were 
sealed in plastic bags and packed in ice until they were processed for inoculations. Five 
treatments were randomly assigned to 1-0 bareroot stock white and green ash that were 
approximately 15 cm tall: 
Treatment 1. Two grams of fresh midribs from a declining tree in Iowa City 
were ground in 10 ml sterile water using a mortar and pestle. The water/midrib 
slurry was injected into the ash shoot. 
Treatment 2. Two grams of fresh midribs from a declining tree in Ames were 
ground in 10 ml sterile water using a mortar and pestle. The water/midrib slurry 
was injected into the ash shoot. 
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Treatment 3. Two grams of fresh midribs, from the same tree in treatment 2, were 
were ground in sterile water using a mortar and pestle. The water/midrib slurry 
Was filtered through a 0.2 µm filter to allow for viral agents, hormones, or other 
chemicals to pass. The filtered slurry was injected into the ash shoot. 
Treatment 4. Sterile distilled water was injected into the ash shoot. 
Treatment 5. Two grams of fresh midribs from green ash trees that were PCR 
positive for the Ashy phytoplasma were ground in 10 ml sterile water using a mortar 
and pestle. The water/midrib slurry was injected into the ash shoot. 
The 5 treatments were randomly assigned to the 300 ash seedlings. Using a 5-ml syringe, 
200 µl of each treatment (slurry) was injected into the main stem, just below the growing tip 
of the potted ash trees. The three greenhouse experiments were conducted on June 3, 1999, 
July 10, 1999, and August 31, 1999. Treatments 1-4 included three replicated experiments, 
each containing 12 green ash seedlings and 12 white ash seedlings. Treatment 5 included 
one experiment containing 6 green and 6 white ash seedlings. An additional 4 green ash 
were root grafted, using cleft grafts, to rootstock known to contain the Ashy phytoplasma. 
The roots were taken from green ash inoculated with an Ashy strain from Michigan (Sinclair 
et al., 2000). These 4 trees were not part of the greenhouse experiment, but were used as 
standards for the testing methods. No measurements were taken on the 4 grafted trees. 
DNA Extraction. 
AU leaves were harvested from the white and green ash seedlings 6 weeks after the 
inoculation. DNA was extracted from fresh leaflet midribs using a modified hot 
cetyltrimethylammonium bromide (CTAB) extraction (Doyle and Doyle, 1990). 
Approximately 200 mg of fresh midribs from each tree were stripped from the leaf blade and 
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frozen in liquid nitrogen before pulverizing them in a prechilled mortar. The powdered 
material was placed in 600 µl of preheated CT AB extraction buffer and incubated for 20 
minutes at 65 °C. The samples were extracted once with phenol-chloroform-isoamyl alcohol 
(25:24:1) and once with chloroform-isoamly alcohol (24:1). The aqueous DNA layer was 
precipitated overnight at -20 °C with 0.6 volumes isopropanol. The DNA pellets were 
vacuum dried and suspended in 100 µl of sterile water. 
Phytoplasma detection. 
Phytoplasma-specific and ash yellows-specific primers (Smart et al., 1996) were used to 
amplify a portion of microbial 16s rDNA extracted from plant tissues. Fresh root and leaflet 
midrib sections were fixed in 2.5% glutaraldehyde 0.1 M phosphate buffer, and 30 µm 
sections were taken. The DAPI technique used was that of Sinclair et al. (1989). The Ashy 
monoclonal antibody protocol followed the steps outlined by Walla et al. (2000). 
DNA Amplification. 
A 100 µl PCR reaction containing 2.5 units of tag polymerase (Gibco BRL, Inc., 
Rockville, Maryland), buffer enzyme, 2 mM MgClz, 200 µm dNTPs, 0.5 µm of primers, and 
1 µl extracted DNA was used to amplify a fragment of the 16s rDNA. The thermal cycler 
(MJ Research, Inc., Watertown Mass.) conditions consisted of 35 cycles of denaturing (95 
°C for 1 min), annealing (54 °C for 1.35 min), and extension (72 °C for 3 min). A final 
extension of 72 °C for 30 min was used. The PCR products were analyzed by 
electrophoresis with a 2% agarose gel in a IX Tris (89 mM Tris, 89 mM boric acid, 2 mM 
EDTA) buffer (pH 8.0). The gel was stained with ethidium bromide and rinsed. A 100-base 
pair (Gibco BRL) ladder was used to determine the PCR product size. 
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Analysis. 
An analysis of variance (ANOV A) was performed on the incremental height growth of 
the 300 inoculated white and green ash seedlings using the Statistical Analysis System (SAS) 
version 6.12 (SAS Institute, Cary, NC). Additional statistical analyses were performed using 
t-tests for the 5 treatments to determine if there were significant interactions (P < 0.05) 
among the five treatments. 
Results 
White and green ash seedlings in treatments 1 and 2 (unfiltered Iowa City and Ames 
slurries) had stunted growth similar to those observed on the declining field trees (Fig. 1). 
The filtered control (Treatment 3), water control (Treatment 4), and Ashy inoculated trees 
(treatment 5) did not exhibit stunted growth (Fig. 1). Mean height increment was noticeably 
different for treatments 1 and 2 compared to other treatments the second week after 
inoculation and was statistically different by the fourth week (Fig. 2, Fig. 3). The ANOVA 
indicated that there were significant interactions between the three replications and the five 
treatments (Table 1). Using t-tests, treatments 3, 4, and 5 were not significantly different 
from each other (P = 0.86), and treatments 1 and 2 were not statistically differentfrom one 
another (P = 0.79). The t-test indicated a statistically significant difference between 
treatments 1 and versus treatments 3, 4, and 5. The Ashy phytoplasma rDNA was not found 
in amplified DNA products from the 84 seedlings in treatments 1-5 up to six weeks after 
inoculation. DAPI screening on 4 trees in treatment 1 and 4 trees in treatment 4 did not 
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Figure 1. A) White ash seedling inoculated with 200 µl of water/midrib slurry from Iowa 
City (treatment 1). B) White ash seedling inoculated with 200 µ1 sterile water (treatment 4). 
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Figure 2. Mean cumulative height ( cm) of the 288 white and green ash seedlings inoculated 
with Iowa City slurry (trtl), Ames slurry (trt2), 0.2 µm filtered slurry (trt3), and sterile water 
(trt4). Treatment 5, trees inoculated with Ashy slurry, is the mean of 6 green and 6 white ash 
seedlings. The trees were inoculated at 1 week. 
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Figure 3. Mean growth increment (cm) of the 288 white and green ash seedlings 
inoculated with Iowa City slurry (trtl), Ames slurry (trt2), 0.2 µm filtered slurry (trt3), and 
sterile water (trt4). Treatment 5, trees inoculated with Ashy slurry, is the mean of 6 green 
and 6 white ash seedlings. The trees were inoculated at 1 week. 
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Table 1. Analyses of variance for the 300 greenhouse inoculated white and green ash 
seedlings based on incremental height growth. 
Source of Variation df F p 
Replications 3 7.84 0.0001 
Species 1 0.06 0.8130 
Treatment 4 57.52 0.0001 
Replication * Species 2 3.23 0.0520 
Replication * Treatment 8 4.71 0.0001 
Species * Treatment 5 1.52 0.1840 
Replication * Species * Treatment 3 0.34 0.0001 
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exhibit fluorescence in the sieve tubes, but there was a strong fluorescence in treatment 1 
(Fig. 4). The trees that were used as standards, ash trees root grafted with Ashy phytoplasma 
infected roots, showed the fluorescence of the Ashy phytoplasma when using DAPI (Fig. 5). 
The same 4 trees in treatments 1 and 4 were screened using the Ashy monoclonal antibody 
and did not exhibit immunofluorescence (IF) using the Ashy monoclonal antibody (Fig. 6). 
The trees that were used as controls for the Ashy phytoplasma did exhibit the shiny "apple-
green" IF in the sieve tubes (Fig. 7). 
Discussion 
Two weeks after inoculation the seedlings that were inoculated with the Iowa City and 
Ames slurries exhibited stunted growth (Fig. 2). The filtered slurry, water control, and Ashy 
injections did not produce the same stunted growth that was observed in seedlings inoculated 
with the Iowa City and Ames Slurry. PCR, DAPI, and the monoclonal antibody tests all 
suggest that Ashy was not transmitted to the inoculated trees, which may indicate that there is 
another transmittable pathogen. Filtered treatments injected into greenhouse-grown 
seedlings were used to help determine the transmittable agent. The filtered treatments did 
not exhibit stunted growth, which suggests that the causal agent would be 0.2 µm in size or 
larger, indicating that a bacterium or fungus may cause the decline (Hogan et al, 1987). The 
0.2 µm filter was used to rule out hormones, herbicide, or viral agents, which should pass 
through the filter. The seedlings were not sterilized at the injection point, but the data suggest 
that surface pathogens were not the cause of the stunted growth because water inoculated 
seedlings did not show reduced growth (Fig. 3). 
38 
Figure 4. Midrib cross-sections stained with DAPI shown at a peak wavelength of 360 run 
and a long wavelength cut-off of 400 run. A) 30 µm section of a green ash midrib inoculated 
with sterile water (treatment 4). This section does not exhibit fluorescence from phytoplasma 
cells. B) 30 µm section of a green ash midrib from a plant inoculated with the midrib/water 
slurry from an Iowa City green ash (treatment 1 ). This midrib section has strong 
fluorescence in the xylem and phloem areas that may be a pathogenic response. 
39 
Figure 5. A 30 µm cross-section of a green ash midrib inoculated with the Ashy 
phytoplasma through root grafts showing fluorescence of the phytoplasma cells in the sieve 
tubes. Midrib section stained with DAPI shown at a peak wavelength of360 nm and a long 
wavelength cut-off of 400 nm. 
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Figure 6. A) 30 µm section of green ash root samples inoculated with 200 °µ1 sterile water 
(treatment 4). B) 30 µm section ofroot from green ash root sample inoculated with 
midrib/water slurry from an Iowa City green ash (treatment 1). Sections did not exhibit IF 
using the Ashy monoclonal antibody ( 495nm). 
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Figure 7. A 30 µm section of green ash root sample from a green ash inoculated with the 
Ashy phytoplasma through root grafts. The root section exhibits fluorescence when using the 
Ashy monoclonal antibody ( 495nm). 
42 
The ANOVA table (Table 1) indicates that there were statistical differences in 
replications and treatments. Replication and treatment variations may be explained by 
seasonal and genotypic differences. Seedlings in the August 31 greenhouse experiment 
exhibited less incremental growth than the June 3 and July 10 experiments. This may be 
from lower temperatures in the greenhouse and the longer cold storage period. 
The Ashy phytoplasma is experimentally inoculated into host plants through grafts or 
parasitic dodder (Hibben et al., 1991; Sinclair and Griffith, 2000; Sinclair and Griffith, 1992). 
The technique that we used has not been reported to transmit phytoplasmas, although it is 
possible that many organisms could be transmitted using this method. Through the use of 
greenhouse inoculations, we have found that there seems to be a highly virulent pathogen 
causing similar symptoms to those reported by Feeley et al. (2000). 
The symptoms of the unidentified pathogen are very similar to that of ash yellows, with 
the exception that the unidentified pathogen has not produced the witches' -brooms 
commonly reported on ash yellows infected trees (Feeley et al., 2000). Based on symptoms 
alone, it is very difficult to make an accurate diagnosis of either disease. Specific tests, such 
as PCR and monoclonal antibodies, can provide an accurate diagnosis of the causal agent. 
Unfortunately, we have not been able to determine what the new pathogen is. The 
continuing development of this research will help identify the pathogen and potential insect 
vectors. 
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CHAPTERS 
ASSAY OF POTENTIAL INSECT VECTORS OF THE ASH YELLOWS 
PHYTOPLASMA IN IOWA 
A paper prepared for submission to Great Lakes Entomologist 
Christopher J. Feeley, Elwood R. Hart, Janette R. Thompson, Mark L. Gleason, and 
Thomas C. Harrington 
Abstract 
Homopteran insects, primarily leathoppers (Hemiptera: Homoptera: Cicadellidae) and 
spittlebugs (Hemiptera: Homoptera: Cercopidae ), have been shown to be vectors of several 
phytoplasmas. Insect populations associated with ash trees in two cities in Iowa were 
sampled to help determine whether the insects are carrying phytoplasmas associated with ash 
decline in Iowa. A total of 471 insects, representing 34 different species, were collected from 
the surveyed green ash (Fraxinus pennsylvanica Marsh.) trees; of these, 396 insects were 
assayed for the presence of phytoplasmas using PCR. A total of six genera of leathoppers 
were identified along with two genera of spittlebugs, two genera of planthoppers, and one 
genus of aphids. Three leafhopper species were found that were reported from other 
publications to vector phytoplasma diseases. Phytoplasmas were not detected in any of the 
assayed insects using PCR. Later, it was determined that the surveyed trees were not 
infected with theAshy phytoplasma, possibly explaining the failure to detect the 
phytoplasma in the insects that were screened. 
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Introduction 
The overland spread of phytoplasmas relies on phloem-feeding insects such as 
leafhoppers (Cicadellidae), planthoppers (Cixiidae), and spittlebugs (Cercopidae) (Nault and 
Rodriguez, 1985; Maixner et al., 1993; Murral et al., 1996; Tsai, 1979; Weber and Maixner, 
1998). There have been reports of non-homopteran insects, in the genus Halyomorpha 
(Hemiptera: Heteroptera: Tingidae ), that have been shown to vector phytoplasmas (Doi and 
Asuyama, 1981). The phytoplasmas are ingested when insects foed on previously infected 
plant tissµe. It is theorized that the microorganisms increase in number in the insect's fore gut 
and are then passed to the plant through the insect's salivary gland (Lefol et al, 1994; Nault 
and Rodriguez, 1985). 
Ash yellows (Ashy), a disease caused by a phytoplasma, has been reported widely in the 
United States (Gleason et al., 1997; Luley et al., 1992; Sinclair et al., 1990; Walla et al., 
2000). Ashy was first described in the 1980's in the eastern United States and was later 
reported throughout the midwestem United States (Gleason et al., 1997; Luley et al., 1992; 
Matteoni and Sinclair, 1985). The symptoms of Ashy are similar to those caused by several 
other pathogens, making it difficult to determine the exact cause of decline. The symptoms 
of Ashy include slow growth, deliquescent branching, dieback, witches' -brooms, and tree 
mortality (Sinclair and Griffiths, 1994). 
Polymerase chain reaction (PCR) has allowed for ultra-sensitive detection of the Ashy 
phytoplasma in the host and the insect vector (Hill and Sinclair, 2000). The only reported 
vectors of the Ashy phytoplasma that have been identified using PCR are leafhoppers in the 
subfamily Deltocephalinae (Hill and Sinclair, 2000). The detection of phytoplasmas in 
insects using PCR does not necessarily indicate that the insects are capable of transmitting 
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the phytoplasma. However, it does help identify the insects that have the potential to 
transmit phytoplasmas. The objective of this study was to identify potential insect vectors of 
the Ashy phytoplasma in Iowa. 
Materials and Methods 
Tree selection. 
Twenty-four green ash (Fraxinus pennsylvanica Marsh.) trees in each of two cities 
(Ames and Iowa City, Iowa) were selected to be part of the survey. The twenty-four trees in 
Iowa City were selected based on decline symptoms and DAPI results from Gleason et al. 
(1997), including 12 DAPI-positive trees with decline symptoms and 12 DAPI-negative trees 
without decline symptoms. Based DAPI staining by Gleason et al. (1997), the trees were 
thought to be infected with the Ashy phytoplasma. However, PCR on DNA extracted from 
leaflet midribs failed to detect the Ashy phytoplasma (Feeley et al., 2000). Twenty-four trees 
in Ames were selected based on the presence or absence of decline symptoms, 12 healthy and 
12 declining trees. Symptoms that were used to identify the declining trees included any 
combination of the following: main branch mortality, an abundance of small twig mortality, 
sparse foliage, clustered foliage, loss of apical dominance, chlorotic foliage, basal sprouts, 
and the presence of witches' -brooms. PCR tests failed to detect the Ashy phytoplasma in any 
of the Ames trees (Feeley et al., 2000). Insects were collected from the trees in Iowa City 
during the 1997 and 1998 growing seasons. Insects were collected from trees in Ames 
during the 1998 and 1999 growing seasons. 
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Insect Collection. 
Insects were collected once each week from the 48 surveyed trees using a telescoping 
BioQuip Monarch™ (Gardena, CA) insect net. Insect collections for each tree started in the 
last week of May and ended the first week of September. The collection times were between 
8:00 am and 5:00 pm for the convenience of city personnel and the landowners. Samples 
were taken from two sides of the tree, the shaded side and the side in full sun. A sample 
consisted of four swipes of the net. The insects were then sealed in a plastic bag and packed 
in ice until they were returned to the laboratory where they stored in an ultra-low temperature 
(-80 °C) freezer. The insects from each tree were sorted by their morphology on a cold table 
and identified to at least morphospecies before DNA extraction. 
DNA Extraction. 
DNA was extracted from the insects using a modified hot cetyltrimethylammonium 
bromide (CTAB) extraction method (Doyle and Doyle, 1990). Two insects were ground in 
sterile 1.5 ml Eppendorf tubes containing 600 µ1 of preheated CTAB extraction buffer and 
incubated for 20 minutes at 65 °C. Samples were extracted once with chloroform-isoamyl 
alcohol (24:1). The aqueous DNA layer was precipitated overnight at-20 °C with 0.6 
volumes isopropanol. DNA pellets were washed with 4 °C 70% ethanol, vacuum dried, and 
suspended in 100 µI of sterile water. 
Primer Selection. 
Phytoplasma-specific primers (Pl and Tint) and Ashy specific primers (ffil/rASHYS) 
were used to amplify a portion of the 16s rDNA (Smart et al, 1996). The products amplified 
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by the phytoplasma-specific primers were sequenced with the forward primer Pl to 
determine if the amplified portion of the 16s rDNA was from the Ashy phytoplasma. 
DNA Amplification. 
A 25 µl PCR reaction containing 2.5 units of taq polymerase (Gibco BRL, Inc., 
Rockville, Maryland), buffer enzyme, 2 mM MgCh, 200 µm dNTPs, 0.5 µm of primers, and 
1 µl extracted DNA was used to amplify a fragment of the 16s rDNA. Thermal cycler (MJ 
Research, Inc., Waltham MA.) conditions consisted of 35 cycles of denaturing (95 °C for 1 
min), annealing (50 °C for 1.35 min), and extension (72 °C for 3 min). A final extension of 
72 °C for 30 min was used. The PCR products were analyzed by electrophoresis with a 2% 
agarose gel in a lX Tris (89 mM Tris, 89 mM boric acid, 2 mM EDTA) buffer (pH 8.0). The 
gel was stained with ethidium bromide and rinsed. A 100-base pair (Gibco BRL) ladder was 
used to determine the PCRproduct size. 
Analysis of Insect Collection. 
The number of insects collected from the green ash were separated into groups by the 
cities from which they were collected. The insects were then separated into groups from 
healthy and declining trees and a one-way analysis of variance (ANOV A) was done to 
determine if more insects were found on healthy or declining trees, and if there was a 
significant difference in the amount of insects collected in each city by date. 
Results 
A total of 4 71 insects, representing 34 different species, were collected from the 
surveyed green ash trees (Table 1, Table 2, and Table 3). Twenty-five percent of the insects 
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collected were homopterans, with leatboppers constituting 20% of the total (Table 1). The 
collection contained six genera of leatboppers, two genera of spittlebugs, two genera of 
planthoppers, and one genus of aphids. Because of identification difficulties, many of the 
insects were not positively identified to species. The number of insects collected per city 
remained consistent through the 2 years sampled in Iowa City (1997 and 1998) and Ames 
(1998 and 1999). The numbers of Hemiptera: Homoptera and Hemiptera: Heteroptera 
insects peaked during the month of July (Fig. 1). The ANOVA showed that the number of 
insects collected from declining trees did not differ significantly (P < 0.60) from the number 
of insects collected from healthy trees in the two cities sampled (Table 4). 
A total of 396 insects were assayed for the detection of phytoplasmas. Only one 
specimen was selected for genomic DNA extraction in the orders Dermaptera, Orthoptera, 
Hymenoptera, and the non-insect orders because they are not likely vectors (Table 3). The 
16s rDNA of phytoplasmas was not detected in any of the 396 insects screened using the 
Pl/Tint primer set or the fB 1/rASHYS primer set. · 
Discussion 
None of the insects that were assayed by PCR tested positive for phytoplasmas, although 
several of the insects collected have been reported to transmit phytoplasmas. Using PCR, 
Hill and Sinclair (2000) reported various Scaphoideus species as potential vectors of the 
Ashy phytoplasma in New York. Hoy et al. (1992) reported Macrosteles spp. to vector aster 
yellows on numerous plant species. Matteoni and Sinclair (1988) have reported the 
spittlebug Philaenus spumarius (Linnaeus) to be a vector of both the elm yellows 
phytoplasma and the Ashy phytoplasma. 
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Table 1. Hemiptera: Homoptera collected from green ash in Iowa 
City and Ames, Iowa during 1997, 1998, and 1999. 
Insects Collected Iowa CitI Ames 
1997 1998 1998 1999 
Cicadellidae 
Draeculacephala sp. 1 1 1 1 
Edwardsiana spp. 1 2 3 5 
Empoasca fabae (Harris) 14 17 15 19 
Graphocephala sp. 1 1 0 1 
Macrosteles sp. 1 2 2 3 
Scaphoideus sp. 3 1 0 1 
Cercopidae 
Philaenus spumarius 1 0 2 1 
(Linnaeus) 
Philaenus sp. 2 1 0 1 
Cixiidae 
Anormenis sp. 0 1 0 4 
Metcalfia sp. 1 2 4 1 
Cicadidae 
Magicicada sp. 0 1 0 0 
Total 
4 
11 
65 
3 
8 
5 
4 
4 
5 
8 
1 
Table 1. (Continued) 
Aphididae 
Prociphilus 
Total 
1 
26 
52 
1 
30 
0 1 3 
27 38 121 
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Table 2. Hemiptera: Heteroptera collected from green ash in Iowa 
City and Ames, Iowa during 1997, 1998, and 1999. 
Insects Collected Iowa City Ames 
1997 1998 1998 1999 
Coreidae 
Acanthocephala sp. 0 1 0 0 
Miridae 
Lygus spp. 4 4 6 12 
Tropidosteptes amoenus (Reuter) 16 29 26 20 
Tropidosteptes brooksi (Kelton) 32 35 30 26 
Pentatomidae 
Podisus sp. 2 3 1 0 
Reduviidae 
Pselliopus sp. 0 2 0 0 
Tingidae 
Corythuca sp. 0 1 1 2 
Total 54 75 64 60 
Total 
1 
26 
91 
123 
6 
2 
4 
253 
54 
Table 3. Insects other than Hemiptera and non-insectan 
arthropods collected from green ash in Iowa City and Ames, 
Iowa during 1997, 1998, and 1999. 
Insects Collected Iowa City Ames 
1997 1998 1998 1999 
Coleoptera 
Cerambycidae 
Neoclytus sp. 1 0 0 0 
Chrysomelidae 
Diabrotica sp. 1 0 0 1 
Coccinellidae 
Hippodamia sp. 1 3 1 1 
Olla sp. 3 4 6 2 
Curculionidae 
Callirhopalus sp. 4 3 3 0 
Lignyodes sp. 0 0 2 0 
Scolytidae 
Hylesinus sp. 0 3 1 0 
Dermaptera 
Forficulidae 
Fmficula sp. 0 0 1 0 
Total 
1 
2 
6 
15 
10 
2 
4 
1 
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Table 3. (Continued) 
Orthoptera 
Grylidae 
Oecanthus sp. 1 1 2 0 4 
Hymenoptera 
Formicidae 2 1 1 0 4 
Diptera 
Muscidae 6 5 4 4 19 
Non-insects 
Eriophyidae 
Aceria 4 3 1 4 12 
Araneae (various spp.) 4 6 4 3 17 
Total 26 29 26 16 97 
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Figure 1. A) Hemiptera: Homoptera collected in each month from Ames (1998 and 1999) 
and Iowa City (1997 and 1998), Iowa green ash trees. B) Hemiptera: Heteroptera collected 
in each month from Ames and Iowa City, Iowa green ash trees in 1997, 1998, and 1999. 
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Table 4. Total insects collected from declining and healthy green ash trees 
from May through September in Ames (1998-1999) and Iowa City (1997-1998). 
Site 
Ames (1998 and 1999) 
Iowa City (1997 and 1998) 
Total 
Declining Trees 
113 
128 
241 
Healthy Trees 
121 
109 
230 
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The most common insects that were found in our survey were the mirid species 
Tropidosteptes brooksi (Kelton) and Tropidosteptes amoenus (Reuter), which are not 
suspected to be vectors of phytoplasmas. Empoasca fabae (Harris) made up the majority of 
the leafhopper population found feeding on the green ash in Iowa. This species had been 
reported to cause feeding damage on various other crops in Iowa (DeGooyer et al., 1998). 
It was not surprising that we did not detect phytoplasmas in the insects screened after it 
was determined that the Ashy phytoplasma was not detected by PCR in the surveyed trees. 
Recent surveys in Iowa have found a low occurrence of the Ashy phytoplasma, which also 
may explain why phytoplasmas were not detected in the insects (Feeley et al., 2000). 
Diverse populations of plant-feeding insects were found in the green ash trees sampled. 
Several species of leafhoppers and spittlebugs feeding on ash trees have been identified as 
likely phytoplasma vectors in other studies and were sampled in this study, indicating that we 
have viable populations in the midwestem United States. 
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CHAPTER6 
CONCLUSIONS 
The results of the survey reveal that Ashy may not be as widespread in Iowa as 
previously thought. In this study, an Ashy occurrence of 4% in ash trees using PCR whereas 
a previous study by Gleason et al. (1997) using DAPI found an occurrence of 16%. Gleason 
et al. (1997) used the non-specific DNA staining test DAPI (4' ,6-diamidino-2-
pheylindole"2HC1) to detect the presence of a phytoplasma. The DAPI staining test can be 
used to indicate the presence of organisms in the phloem; however, it does not distinguish 
among different species of microorganisms (Coleman, 1978). Our survey revealed large 
populations of declining ash trees that did not have detectable levels of the Ashy 
phytoplasma. The absence of detectable levels of the ashy phytoplasma using PCR, along 
with the presence of decline symptoms, suggests that there might be another pathogen 
involved with the observed decline. Davis et al. (1996) reported that papaya bunchy top 
disease was caused by a walled-bacterium and not by a phytoplasma as previously thought. 
Jagoueix et al. (1994) reported a phloem-limited bacterium in the alpha subdivision of 
proteobacteria causing citrus greening that was once thought to be induced by a phytoplasma. 
There are numerous other plant diseases that are caused by bacteria (Ferreira et al., 1999; 
Hocquellet et al., 1999, Hu and Young, 1998). 
The greenhouse study suggested that there is another pathogen causing the decline. 
The results from this study showed that ash seedlings inoculated from field sources exhibited 
the same stunted growth that was observed in the survey. A filtering treatment indicated that 
the transmittable organism(s) were at least 0.2 µmin size. This appears to indicate that a 
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bacterium or fungus is causing the decline, although we cannot fully rule out the possibility 
of a virus or viroid until the causal agent is successfully indentified. 
The insect collections from the twenty-four green ash trees in two communities in 
Iowa found several potential vectors of the Ashy phytoplasma. Using PCR, Hill and Sinclair 
(2000) reported various Scaphoideus species as potential vectors of the Ashy phytoplasma in 
the New York. Hoy et al. reported the Macrosteles to vector aster yellows on numerous plant 
species (Hoy et al., 1992). Matteoni and Sinclair (1988) have reported the spittlebug 
Philaenus spumarius (Linnaeus) to be a vector of both the elm yellows phytoplasma and the 
Ashy phytoplasma. These insects were found to be feeding on ash in Iowa communities. 
However, our PCR test did not detect Ashy in any of the insects sampled. 
In conclusion, this study shows initial evidence that there may be a new pathogen 
causing the decline in Iowa. Although Ashy is present in Iowa, our survey indicated a very 
low occurrence of Ashy. Ashy may play a greater role in the decline of ash in the future, but 
the data suggests that a new pathogen could be responsible for a large part of Iowa's ash 
decline. Continuing advancements in biotechnology have provided for more accurate testing 
methods, and may ultimately help identify the new causal agent causing ash decline. 
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